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Instrumentation

Aircraft

_ ARIES
Instruments MIR spectrometer
Position 600 — 3000 cm"
Altitude
Water vapour
Temperature Dropsonde
Ozone Temperature
etc. Water vapour
Pressure
TAFTS
FIR
spectrometer
80 — 550 cm-?
https://www.vaisala.com
Not to scale.
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Do current ice cloud models perform well




Radiative Signature of Ice Clouds
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FIR A Minimisation points @esa
— MIR only -+++ observation uncertainty
FIR only

10 ‘ ' ' ' ‘ ‘
— MIR +

n
|III\

—— transmittance Bantges et al.,
ACP, 2020

E:\I\

Far-infrared o

—10 ‘ . . . . ‘ ‘ | . ‘ . . I . . ‘ . ! ‘ . . 0

320 380 400 450 500 540

I
transmittance

WINDOW WINDOW ‘: | Ongoing work
sl testing if a different

[\

. . ”‘-"J;'-,:-:‘.;‘,'.'-.I:f'-;ff"'f':”"‘.~"””“” ,..-.....,.-.........-..-...._...-----.-------. ,..,.... .-.-. A '-'-"" e T .
Mid-infrared o k™= - — SStapc=— N ghmiaient L L : approach to ice
‘| cloud modelling

_5 .. can reconcile this

- - - = w--"\r-wv—m'—wr
L . 1 | L . 1 | L . 1 | . . L O

600 800 1000 1200 1400 6

- == 4 |1 — I Il O I = = e Bl EE 2= E — hal\!'l » THE EUROPEAN SPACE AGENCY

i



Take home messages esa
The ice cloud model
.

cannot match
observations across the o _
whole infrared spectrum S )i % forum

B UNDERSTANDING HOW o

FORUM will provide vital |\ SRECSSESI 8 | EARTH IS LOSING ITS cooL
information about ice N - e y ___'ﬂ o %,4’

cloud radiative properties
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How well can we retrieve water vapour

profiles using far-infrared radiances
M Eec € >m aircraft?




Water Vapour Retrieval

Clear sky high level (9 km) observations

- Water vapour retrievals performed using mid and
far infrared radiances

Measurements
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Single TAFTS spectra x 9
OR

In-situ water vapour
10 averaged ARIES profile

spectra x 30

sonde 2 &

Evaluation ‘
sonde 3 F

Retrieval > Retrieved water _
algorithm vapour profile —&— sonde 5
sonde 6

sonde_7
Performed by _soride. 8 gy

Assimilated data Met Office Unified Model Met Office Unified

Global Atmosphere Model Global Alessio Di Roma, : . . .
0900-1500 UTC -
March 13th forecast 1300 UTC Atmosphere error CNR, Italy Fllght track dur/ng C153 with hlgh

March 13th matrix

resolution visible satellite image from MSG
A-priori at 12:30UTC. Stuart Fox Met Office g
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Water Vapour Retrieval

(a) —— Dropsonde (b) —— Dropsonde
— Met Office UM — Met Office UM
—— TAFTS retrieval —— Joint retrieval
8 7 ARIES retrieval 1 ‘ TAFTS Only 6.46
A ARIES only 3.55
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Z 4+ . Far-infrared retrieval contains more
water vapour information and is a
better match for the dropsonde

27 ] measurements
Warwick et al.,
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Take home messages esa
We expect the far-infrared
>

advantage will be
maintained for FORUM

only measurements 73 BN forum™®» .
A 5 1 & S -

B 5 UNDERSTANDING HOW b

For FORUM-IASI-NG

MR | EARTH IS LOSING ITS C00
combined measurements, ENgE - - ) o NRESS h@_._(
the advantage is not | i -

expected to be as large
(e.g. Ridolfi et al., 2020)
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Can we retrieve far-infrared surface
emissivity from altitude?
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Emissivity

Murray et al., L 5 | | | ; @ eéSa
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Take home messages esa

It is possible to
measure far-infrared

| E
surface emissivity from 5 g T ' *

altitude > 4 " fo'u :

N T UNDERSTANDING HOW
Ice emissivity is MR EARTH IS LOSING ITS cooL
significantly below 1 at NS - e ‘_’ Py %,4’
wavenumbers less then | : e o | |

500 cm-1
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Future Developments at Imperial College

i




FINESSE: Far-INfrarEd Spectrometer for Surface @esa

Emissivity
- FINESSE is intended to make in-situ measurements of surface emissivity
- For more information see poster 565
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UNIRAS: UNiversal InfraRed Airborne Spectrometer Lesa

Input 2 Environmentally isolated housing [vacuum)
Stabilised
reference

4-port airborne FTS with configurable
detectors _

MIR = FIR

. detectors

Interferometer

Input 1
Scene selection

Project Kick-Off early June, goal to st [
participate in CCREST campaign (March e i Mr
2025) and serve as a FORUM cal/val facility

FIR and laser
| outputs

System
Control,
Monitor and
acquisition

Telemetry
Spectral range 100-1600 cm-" 400-1600 cm-”
Spectral resolution 0.5 cm™ 0.5 cm™’
Footprint from 10 km 430 x 850 m 430 x 500 m |
at typical FAAM e o ﬂ
science speed i g WF —
NESR when averaged NESR <= FORUM threshold at b,
over equivalent wn < 500 cm-’
footprint NESR << FORUM goal at wn > 500 cm"
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Summary and Future Outlook

- Using aircraft observations, we have shown how
FORUM will provide far-infrared radiance
measurements that can enhance our understanding of

« |ce cloud properties
« Atmospheric Water Vapour

« Surface Emissivity

- The aircraft data underpinning these studies are
available on the CEDA archive:

- The FINESSE and UNIRAS instruments will enable us
to continue making airborne and ground based far-
infrared measurements
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https://archive.ceda.ac.uk/

Radiative Signature of Ice Clouds

Simulated spectra produced using bulk ice optical properties from Baum et al.,

2014
Aircraft onboard LBLRTM < 0,, CO, & trace gases
measurementsT, P, WV, z '
Dropsonde profiles of T, P, Layer optical depths
WV, z '
LBLDIS < Lidar extinction profiles

Instrument apodization
functions

-

Simulated radiance
spectra
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Surface emissivity measurement

L'=¢eB(THt+E"+ (1 — &) (L't? + E*7)
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Surface emission Downward atmospheric emission reflected
transmitted to plane by surface and transmitted back to plane

Upward emission from
atmosphere below plane

B L' — 721 —FElv — ET
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Green: TAFTS/ARIES observations

Blue: surface temperature retrieved from ARIES/Heimann

Red: atmospheric transmission and emission simulated by Line-by-
Line Radiative Transfer Model (LBLRTM) using knowledge of
atmospheric state
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